because food is a major selective force in human evolution.
Diet, however, is only one of three main forces of selection, the others being disease and physical environment. Human behaviour and culture interacts with, and adds synergy to, each of these forces, and they all produce biological stress to which humans must adapt via both individual-and population-level survival and reproduction.
Assuming that stress is any physiological disruption resulting from any insult (Goodman & Leatherman, 1998: 177) , the life histories of disease and physiological stress, geographic relocations and changes in food and water consumption recorded in the chemistry of our body's tissues can simultaneously reflect the nature of, and biocultural response to, physical environments that are both abiotic (e.g., temperature, rainfall, aridity) and biotic (plant and animal communities). Our biochemical responses should also indirectly reflect landscape change, possibly even the creation of built landscapes, e.g., concentrated urban dwelling. Integrated records enable better understandings of our adaptive history and capacity in relation to the synergy among changes in diet and environment, and the evolution of pathogens and the spread of disease. Isotopic methodology and the biocultural interpretive paradigm have been around long enough now that available data are approaching the critical mass necessary for moving inference of selective forces and evolutionary processes to a higher level.
The goal of this chapter is to encourage the development of a new phase in the combined use of stable isotopic methodology and biocultural thinking, one in which both existing and newly built datasets are used to provide evidence for the operation of selective forces. Interest in these forces is found throughout scholarship in bioarchaeology and paleopathology, particularly in studies of diet, disease and epidemiologic transitions pioneered by Armelagos (1969; Barrett et al., 1998) .
Epidemiology is the study of patterns of disease (morbidity) and death (mortality) by age and sex related to fertility and life expectancy. The fundamental epidemiological and demographic shifts that human societies have experienced throughout time are as follows. The 'First Epidemiologic Transition' is associated with the 'Agricultural and Neolithic Revolution'. The rise of agricultural intensification resulted in increased morbidity or illness due to more impoverished crop plant diets, increased population density and the consequent spread of infectious disease. The close contact of humans with animals during their domestication also resulted in diseases such as tuberculosis (Armelagos & Cohen 1984 , Larsen 2006 . The 'Second Epidemiologic Transition' or the 'Age of Receding Pandemics' is associated with industrialization. In this transition, 19 th century public health initiatives, combined with germ theory, among other causes, led to decreased mortality from childhood infectious diseases, increased life expectancy (30-50 years), and the resultant rise of degenerative disease as people began to live longer higher (Omran 1971 , McKeown 2009 'bird flu') (Omran 1971 , Barrett et al. 1998 , Esche et al. 2010  see Barrett this volume).
Emphasis is placed here on the southern Egyptian/northern agricultural plants, such as maize, millet, and sorghum (e.g., van der Merwe 1978, Schwarcz et al. 1985) . the summer a period of high morbidity and mortality (White 1993 ), a situation that still exists today. Nonetheless, these populations were likely buffered from many infectious diseases by processing grain in the form of beer, which produced Streptomyces, an actinobacterium that fluoresces in bone and has antibiotic properties (Bassett et al. 1980 , Nelson et al. 2010 ).
The relative absence of infectious disease in these populations may indicate consumption of therapeutic doses (Armelagos 2000) .
Isotopic data reveal that culture change, marked by the return to political and economic autonomy during the X-Group period, had both positive and negative effects on biological adaptation. Breastfeeding, which has culturally determined rules and parameters for duration and cessation or weaning, creates a trophic level isotopic effect. Because nursing infants consume only breastmilk, which is a human tissue, they are one feeding level higher than their mothers. The late beginning and long process of weaning, which occurred between 2 and 6 years of age (White & Armelagos 1997 , Fuller et al. 2004 , Katzenberg & Lovell 1999 , Olsen et al. 2014 , Williams 2008 .
Although analysing unhealthy individuals might invalidate the use of nitrogen isotopic data for some paleodiet studies (but see Olsen et al. 2014) , they could be used to identify epidemiological risk factors. Radioactive decay, geological age and compositional variability among rocks, minerals and seawater lie at the root of strontium-isotope variations used as tracers in anthropological studies of geographic mobility. (Faure & Powell 1972) . Strontium-isotope ratios are, therefore, a function of the age and type of rock. Seawater also has a characteristic 87 Sr/ 86 Sr ratio at any given time. This ratio has, however, varied throughout geological time depending on the age and sources of strontium delivered to the oceans.
Strontium isotope ratios are typically measured using thermal ionization mass spectrometry (TIMS) or laser ablation-multi collector-inductively coupled plasma-mass spectrometry (LA-MC-
ICP-MS).
Over time, rock breaks down into soil, and strontium moves into soil water and then through the food chain without significant alteration of its isotopic composition (e.g., Comar et al. 1957) . Variation can be created by local factors, but the strontium-isotope compositions of diets directly reflect local geology, and almost all strontium in the body is found in mineralized tissue. The strontium-isotope composition of seawater is similarly transferred to calcium-bearing tissues in marine organisms. Both strontium-and oxygen-isotope analyses have pushed back the biological evidence for long distance interaction between Egypt and Nubia to the New Kingdom period (∼1050-1400 BC) (Buzon et al. 2007 , Buzon & Bowen 2010 , Buzon & Simonetti 2013 . The next step in paleomobility studies would be to correlate the presence and incidence of infectious disease with isotopically identified individual travellers and immigrants, and its spread in past populations.
$b$ Isotopes and Paleoenvironments
Traditional approaches to isotopic reconstruction of paleoenvironments include the use of incrementally deposited materials. For long-term records, these include lake and marine cores, ice cores, speleothems, which are mineral deposits formed from groundwater within underground caverns, and tree rings.
Incrementally formed animal tissues, such as otoliths, or inner ear bones, shell, horn, antler, teeth, and hair provide shorter records of change. These records can only be extended across long periods of time when samples that can be correlated with each other are available. Unfortunately, many chronologies of climate and ecological change created in this way either predate human occupations of the regions involved (e.g., Brook et al. 2010 , Nicoll 2001 , Osborne et al. 2008 , Stanley et al. 2003 or are unavailable for many regions. In other cases, these chronologies have not been linked to human experiences except to identify associations between climate change and the fall of civilizations (e.g., Issar & Zohar 2004 , Weiss 1997 Halfa (White and Schwarcz 1994) . In this case, the fertility of the Lower Nile came at the expense of the Upper Nile.
Fertilizing soil is also a human behavior that, in ancient times, was most likely to be organic via dungs, slurries, fish, seaweeds, and guano, and produced plants with higher δ 15 N values.
Whether fertilization is a process of nature or a purposeful human act, it induces environmental change. Although first seen as a source of error in paleodietary research, fertilization systematics are now being used to reconstruct the rise of intensive agriculture and its link to animal domestication, husbandry practices (e.g., complete captivity, controlled herds, and pasturing locales), and land use patterns (Balasse 2014 , Hamilton & Thomas 2012 , Makarewicz & Tuross 2012 , Szpak 2014b ).
The next steps could be to tease out the environmental change associated with human behaviour, and reconstruct the relationship between animal husbandry and domestication practices and the rise of zoonoses, diseases with animal origins that infect humans (e.g., Barton et al., 2009 , Donoghue 2011 (Iacumin et al. 1996 , Geirnaert & Laeven 1992 ). This record indicates a long period of increased aridity that began around 1500 years BC (Jackson 1957 , Geirnaert & Laeven 1992 as well as climatic variability in source regions (Bell 1970 , Butzer & Hausen 1968 , Pollard 1968 Ultimately, the goal of the biocultural isotopic anthropologist should be to integrate isotopic data on geographic mobility and diet with changes in the physical and cultural environments, and in patterns of disease and demography. Such integration would make epidemiological risk factors more clearly detectable. More specific knowledge of the dynamics of those risk factors and their biocultural outcomes in ancient populations should inform the way we handle similar modern situations. Currently developing methodological approaches in isotopic research will further the quality and specificity of our reconstructions. These include; 1) expanding ways of using the tissue clocks, which will involve new ways of micro-sampling and help to minimize sample destruction, 2)
expanding knowledge and application of other isotopic systematics, such as sulphur, hydrogen and iron and 3) combining multi-element isotopic data to hone our ability to identify food consumption and geographic relocations, 4) further developing the use of amino acid isotopic analysis to distinguish between influences of diet versus metabolic, physiological, and disease stresses on isotopic composition.
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